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An information processing apparatus, an imaging apparatus,
and an information processing method, and a computer
program are provided. An information processing apparatus
includes: an acceleration detecting part which detects an
acceleration generated in the information processing appa-
ratus; a storage part which stores history information based
on mformation detected by the acceleration detecting part;
and a control part which executes a determination process
whether the information processing apparatus 1s in a falling
state based on information detected by the acceleration
detecting part and history information stored in the storage
part.
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INFORMATION PROCESSING APPARATUS,
IMAGING APPARATUS, INFORMATION
PROCESSING METHOD, AND COMPUTER
PROGRAM

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application JP 2005-273252 filed in the Japanese Patent
Oflice on Sep. 21, 2005, the entire contents of which 1s being
incorporated herem by reference.
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BACKGROUND 15

The present invention generally relates to an information
processing apparatus, an 1imaging apparatus, an information
processing method, and a computer program, particularly to
an information processing apparatus, an 1imaging apparatus,
an information processing method, and a computer program,
which can perform fall detection 1n precision devices 1n a
suitable and appropriate manner.

20

More specifically, the present invention relates to an ,q4
information processing apparatus, an imaging apparatus, an
information processing method, and a computer program,
which can perform fall detection 1n a suitable and appropri-
ate manner and can prevent a hard disk drive from being
damaged because of an i1mpact as well as can prevent 30
undesired head retraction because of wrong fall detection in
devices provided with a hard disk drive as a data recording
module, the devices including a camera and a PC.

In recent years, with the reduction in si1ze of a HDD (hard
disk drive), a HDD 1s adopted as a recording medium for
various devices such as an 1maging apparatus including a
digital camera and a digital video camera. However, the
HDD has a problem that 1t 1s vulnerable to a mechanical
impact. When a great impact 1s given to the HDD because
a device falls with 1ts head on a disc during data write or
readout processing, the HDD might be unusable because of
the damaged head.

In order to prevent the HDD from being damaged because

of such a fall, some devices have a scheme 1n which an 45
acceleration sensor 1s mounted on a device mounted with a
HDD to detect a fall by the sensor, right after the device
starts falling, the head of the HDD 1s retracted from a disc
before an impact occurs, and thus damage 1s prevented.
When the head 1s retracted, a predetermined recovery pro-
cess sequence 1s done such that 1t 1s confirmed whether the
device 1s returned to a stable state, for example, and after
that, a process 1s executed to return to an operable state.

35

40

50

The head retraction process like this 1s done to prevent the <4
head from being damaged and to avoid the HDD unusable.
In the fall detection by the acceleration sensor, generally, the
falling state 1s determined when the measured value by the
acceleration sensor 1s 0 G. However, actually, the measured
value by the acceleration sensor 1s sometimes O GG also in the 60
case 1n which a user moves a device such as a camera and

a PC as a device mounted with a HDD. Also for this state,

it 1s determined that the device 1s 1n the falling state to retract
the head of the HDD from the disc. When this 1s done, a user
may not use the device during the period of the recovery 65
process sequence. For example, suppose the device 1s a
camera, a user may miss a chance to take a picture.

2
SUMMARY

It 1s desirable to provide an information processing appa-
ratus, an 1maging apparatus, an information processing
method, and a computer program, which can perform {fall
detection 1n precision devices 1n a suitable and appropriate
manner.

Furthermore, 1t 1s desirable to provide an information
processing apparatus, an 1imaging apparatus, an information
processing method, and a computer program, which perform
fall detection 1n a suitable and appropriate manner and
prevent an undesired head retraction process for a HDD in
an information processing apparatus such as a camera and a
PC having a fall detection mechanism.

An embodiment 1s an information processing apparatus
including: an acceleration detecting part which detects an
acceleration generated 1n the iformation processing appa-
ratus; a storage part which stores history information based
on mformation detected by the acceleration detecting part;
and a control part which executes a determination process
whether the information processing apparatus 1s in a falling
state based on information detected by the acceleration
detecting part and history information stored in the storage
part.

Furthermore, in the information processing apparatus
according to an embodiment, the control part 1s configured
to execute: a first determination process which determines
whether the information processing apparatus 1s in a zero
gravity state based on information detected by the accelera-
tion detecting part; and a second determination process
which executes a determination process whether the infor-
mation processing apparatus 1s in the falling state by apply-
ing acceleration detection information in the past about the
information processing apparatus based on history informa-
tion stored in the storage part when it 1s determined that the
information processing apparatus is 1n the zero gravity state
in the first determination process.

Furthermore, in the information processing apparatus
according to an embodiment, for the second determination
process, the control part 1s configured to acquire acceleration
detection information from the storage part for a period right
before a period that the information processing apparatus
reaches the zero gravity state, to execute a determination
process whether a force equal to or greater than a predeter-
mined threshold 1s applied to the information processing
apparatus 1 a period before the mmformation processing
apparatus reaches the zero gravity state based on the accel-
eration detection information 1n the period, and to determine
whether the mformation processing apparatus i1s in the
falling state based on the determination result.

Furthermore, in the information processing apparatus
according to an embodiment, for the second determination
process, the control part 1s configured to acquire acceleration
detection information from the storage part for a period right
before a period that the immformation processing apparatus
reaches the zero gravity state, to execute a determination
process based on a variation 1n the acceleration per unit time
until the information processing apparatus reaches the zero
gravity state based on the acceleration detection information
in the period, and to determine whether the information
processing apparatus 1s 1n the falling state based on the
determination result.

Furthermore, in the information processing apparatus
according to an embodiment, the acceleration detecting part
1s a three-axis acceleration sensor which detects accelera-
tions of three orthogonal axes of an X-axis, a Y-axis and a
Z-ax1s, and the control part 1s configured to compute a
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resultant value (Gavg) based on measured values 1n X-axis,
Y-axis, and Z-axis directions detected by the three-axis
acceleration sensor, to store the resultant value in the storage
part, and to execute a determination process whether the
information processing apparatus 1s 1n the falling state based
on the resultant value.

Furthermore, 1n the information processing apparatus
according to an embodiment, the control part 1s configured
to execute a process to compute a sum square value of
acceleration mformation Gx, Gy, and Gz 1n X-axis, Y-axis,
and Z-axis directions detected by the three-axis acceleration
sensor as the resultant value (Gavg).

Furthermore, in an embodiment an 1maging apparatus
including: a hard disk drive which stores taken image data;
an acceleration detecting part which detects an acceleration
generated 1n an information processing apparatus; a storage
part which stores history information based on information
detected by the acceleration detecting part; and a control part
which executes a determination process whether the infor-
mation processing apparatus 1s in a falling state based on
information detected by the acceleration detecting part and
history information stored in the storage part and which
executes a head retraction process for the hard disk drive
based on a determination that the apparatus i1s 1n a falling
state.

Furthermore, in the imaging apparatus according to an
embodiment, the control part 1s configured to execute: a first
determination process which determines whether the infor-
mation processing apparatus 1s 1n a zero gravity state based
on mformation detected by the acceleration detecting part;
and a second determination process which executes a deter-
mination process whether the information processing appa-
ratus 1s 1in the falling state by applying acceleration detection
information 1n the past about the information processing
apparatus based on history information stored in the storage
part when 1t 1s determined that the information processing,
apparatus 1s in the zero gravity state in the first determination
process.

Furthermore, an embodiment 1s an information processing,
method including the steps of: detecting an acceleration
generated 1n an information processing apparatus; storing
history information based on information detected at the
acceleration detecting step 1n a storage part; and detecting
tall by executing a determination process whether the infor-
mation processing apparatus 1s in a falling state based on
information detected at the acceleration detecting step and
history information stored in the storage part.

Furthermore, 1n the information processing method
according to an embodiment, the fall determination step 1s
the step of executing: a first determination process which
determines whether the information processing apparatus 1s
in a zero gravity state based on information detected at the
acceleration detecting step, and a second determination
process which executes a determination process whether the
information processing apparatus 1s 1n the falling state by
applying acceleration detection information 1n the past about
the information processing apparatus based on history infor-
mation stored 1n the storage part when it 1s determined that
the mformation processing apparatus 1s in the zero gravity
state 1n the first determination process.

Furthermore, 1n the information processing method
according to an embodiment, for the second determination
process, the fall determination step 1s the step of: acquiring,
acceleration detection information from the storage part for
a period right before a period that the information processing
apparatus reaches the zero gravity state, executing a deter-
mination process whether a force equal to or greater than a
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predetermined threshold 1s applied to the information pro-
cessing apparatus 1n a period before the imformation pro-
cessing apparatus reaches the zero gravity state based on the
acceleration detection information in the period, and deter-
mining whether the mformation processing apparatus 1s in
the falling state based on the determination result.

Furthermore, in the information processing method
according to an embodiment, for the second determination
process, the fall determination step 1s the step of: acquiring
acceleration detection information from the storage part for
a period right before a period that the information processing
apparatus reaches the zero gravity state, executing a deter-
mination process based on a variation 1n the acceleration per
unit time until the information processing apparatus reaches
the zero gravity state based on the acceleration detection
information i the period, and determining whether the
information processing apparatus 1s 1n the falling state based
on the determination result.

Furthermore, in the information processing method
according to an embodiment, the acceleration detecting step
1s an acceleration detecting step done by a three-axis accel-
eration sensor which detects accelerations of three orthogo-
nal axes of an X-axis, a Y-axis and a Z-axis, and the fall
determination step 1s the step of: computing a resultant value
(Gavg) based on measured values 1n X-axis, Y-axis, and
Z-axis directions detected by the three-axis acceleration
sensor, and executing a determination process whether the
information processing apparatus 1s in the falling state based
on the resultant value.

Furthermore, in the information processing method
according to an embodiment, the fall determination step 1s
the step of executing a process to compute a sum square
value of acceleration information Gx, Gy, and Gz 1n X-axis,
Y-axis, and Z-axis directions detected by the three-axis
acceleration sensor as the resultant value (Gavg).

Furthermore, an embodiment 1s a computer program
which allows an information processing apparatus to
execute a fall determination process, the computer program
including instructions to execute: detecting an acceleration
generated 1 an information processing apparatus; storing
history information based on information detected at the
acceleration detecting step 1n a storage part; and determining
fall by executing a determination process whether the infor-
mation processing apparatus 1s i a falling state based on
information detected at the acceleration detecting step and
history information stored 1n the storage part.

In addition, the computer program according to an
embodiment 1s a computer program which can be offered to
a general purpose computer system that can execute various
program codes, by a storage medium which offers the
program in a computer readable format, and a communica-
tion medium, for example, a storage medium such as CD,
FD and MO, or through a communication medium such as
a network. The program like this 1s provided in the computer
readable format to implement the process corresponding to
the program on the computer system.

Other purposes, features and advantages of the invention
will be apparent from more detailed description based on an
embodiment of the invention described later and the accom-
panying drawings. In addition, in the specification, a system
1s the configuration of a logical set of plurality of devices,
which 1s not limited to one that devices of individual
confligurations are in the same housing.

According to the configuration of an embodiment, the first
determination process 1s executed which determines
whether the apparatus 1s in the zero gravity state as the
determination process whether the apparatus 1s falling, and
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the second determination process 1s executed which uses
acceleration history information stored 1n the storage part to
determine whether the apparatus 1s in the free fall state when
it 1s sensed that the apparatus 1s 1n the zero gravity state. In
the second determination process, the fall determination
process 1s executed by determining whether the apparatus
has had a great force before based on history information, or
based on the speed reaching the zero gravity state. Thus, the
state can be distinguished that a user lifts or flings down the
apparatus. With this configuration, 1n a device mounted with
a HDD, for example, a needless process can be prevented
that the head 1s retracted when the apparatus 1s not falling,
a user 1s not forced to have an interruption because of the
process time for return, and working efliciency can be

enhanced.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a diagram depicting an exemplary basic
configuration of an 1information processing apparatus
according to an embodiment of the invention.

FIGS. 2 and 2A show diagrams depicting exemplary data
of acceleration history information to be recorded in a
memory of the imnformation processing apparatus.

FIG. 3 shows a diagram depicting the functional configu-
ration ol a microcomputer as a control part of the informa-
tion processing apparatus according to an embodiment of the
invention.

FI1G. 4 shows a diagram depicting a tflow chart 1llustrative
ol a sequence of a fall determination process executed 1n the
information processing apparatus according to an embodi-
ment of the invention.

FIGS. 5-1 and 5-2 show a diagram 1illustrative of a specific
example of the fall determination process and a diagram
illustrative of the change in resultant values when a gravity
drop.

FIGS. 6-1 and 6-2 show a diagram 1llustrative of a specific
example of the fall determination process and a diagram
illustrative of the change 1n resultant values when an appa-
ratus 1s tlung up.

FIGS. 7-1 and 7-2 show a diagram 1llustrative of a specific
example of the fall determination process and a diagram
illustrative of the change 1n resultant values when an appa-
ratus 1s flung down.

FIG. 8 shows a diagram illustrative of an exemplary
configuration of an 1maging apparatus as the information
processing apparatus according to an embodiment of the
invention.

Additional features and advantages are described herein,
and will be apparent from, the following Detailed Descrip-
tion and the figures.

DETAILED DESCRIPTION

A detailed description of an information processing appa-
ratus, an 1maging apparatus, an information processing
method, and a computer program according to an embodi-
ment will be described with reference to the drawings.

First, an exemplary basic configuration of the information
processing apparatus according to an embodiment will be
described with reference to FIG. 1. For example, the inifor-
mation processing apparatus 1s applicable to a number of
different constitutions such as a camera, a PC, a disc
recording device, and the like. First, the basic configuration
ol an information processing apparatus which is necessary to
execute processes according to an embodiment will be
described with reference to FIG. 1.
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An information processing apparatus 100 has a micro-
computer 101, a memory 102, and a three-axis acceleration
sensor 103. The microcomputer 101 has a CPU which
performs process control over the information processing
apparatus 100 and has a storage areca for an executing
program, and the microcomputer functions as a control part.

The three-axis acceleration sensor 103 detects the accel-
erations corresponding to three orthogonal axes of the
X-axis, the Y-axis, and the Z-axis, and 1s an acceleration
detecting part which enters detected data to the microcom-
puter 101 as the control part. The microcomputer 101
periodically takes in the detected data by the acceleration
sensor 103 at each of about 10 msec, for example. More
specifically, 1t takes 1n acceleration (Gx, Gy, Gz) information
that 1s applied to the information processing apparatus 100
and corresponds to the three orthogonal axes of the X-axis,
the Y-axis, and the Z-axis.

The microcomputer 101 records the acceleration (Gx, Gy,
(Gz) information to the memory 102 based on the detected
values by the acceleration sensor 103, the detected values
are periodically mnputted 1n accordance with a preset pro-
gram as well as it computes a resultant value (Gavg) based
on the accelerations (Gx, Gy, Gz) corresponding to the three
orthogonal axes of the X-axis, the Y-axis, and the Z-axis, and
records the computed resultant value (Gavg) 1in the memory
102 along with the accelerations (Gx, Gy, Gz) corresponding,
to the three orthogonal axes. The resultant value 1s a value
that 1s computed as a sum square value of the acceleration
values corresponding to the three orthogonal axes of the
X-axis, the Y-axis, and the Z-axis, for example.

As described above, the microcomputer 101 records the
accelerations (Gx, Gy, Gz) in each of the orthogonal axis
directions and the resultant value (Gavg) in the memory 102,
which are computed based on the output values from the
three-axis acceleration sensor 103 at each of the measure-
ment timings. Consequently, 1n the memory 102, accelera-
tion history information i accordance with the time transi-
tion 1n the accelerations (Gx, Gy, Gz) 1 each of the
orthogonal axis direction and the resultant value (Gavg).

The microcomputer 101 determines whether the informa-
tion processing apparatus 100 1s 1n a falling state (free fall)
based on the mput values from the three-axis acceleration
sensor 103 and acceleration history information recorded 1n
the memory 102. The microcomputer 101 makes a determi-
nation in such a way that the information processing appa-
ratus 1s held by a user to fling up or down 1t, for example,
or it 1s 1n the free fall state. A determination process to
determine whether 1t 1s 1n a free fall by the microcomputer
101 1s done by two determination steps below.

A. First Determination Step A

It 1s examined whether the resultant value computed from
the individual output values 1n three axis directions inputted
from the three-axis acceleration sensor 103 1s near 0 GG, and
it 15 determined that an apparatus 1s 1n the zero gravity state
when the resultant value 1s near 0 G.

B. Second Determination Step B

When 1t 1s sensed that the apparatus 1s 1n the zero gravity
state 1 the first determination, the acceleration history
information stored in the memory 102 1s used to determine
whether the apparatus 1s 1n the free fall state.

As described above, 1n the information processing appa-
ratus according to an embodiment of the invention, 1t 1s a
feature 1n that 1t 1s determined that the resultant value
computed from the individual output values 1n the three axis
directions 1s near 0 G as well as 1t 1s determined that as the
second determination, acceleration history information 1s
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used to make an examination and a determination whether
the apparatus 1s 1n the free fall state. According to the second
determination process, for example, the states can be dis-
tinguished between the state 1n which the information pro-
cessing apparatus 1s actually 1n the free fall state and the
state 1n which a user flings up or down the apparatus.

FIG. 2 shows an exemplary data configuration of accel-
eration history mformation to be stored 1n the memory 102.
As shown 1 FIG. 2, 1in acceleration history information
stored 1n the memory 102, the following 1s stored as history
information: the acceleration (Gx, Gy, Gz) nformation
corresponding to the three orthogonal axes of the X-axis, the
Y-axis, and the Z-axis, and the resultant value (Gavg) based
on the acceleration (Gx, Gy, Gz) information, for example,
a sum square value of the acceleration values corresponding
to the three orthogonal axes of the X-axis, the Y-axis, and the
Z-axis. The acceleration history imnformation shown 1n FIG.
2 1s an example that records data based on the measurement
timing shown i FIG. 2A, that i1s, based on information
inputted from the three-axis acceleration sensor 103 at every
time 1interval a as a measurement time interval=a. The
measurement time interval=a i1s set at about 10 msec, for
example.

The process of the microcomputer 101 will be described
with reference to FIG. 3. The microcomputer 101 performs
data processing based on a preset computer program. FIG. 3
shows a diagram 1llustrative of the process done by the
microcomputer 101 based on the program, and shows a
block diagram depicting that each of the process functions
done by hardware and software 1s shown 1n blocks.

The microcomputer 101 periodically takes in the detected
acceleration values corresponding to the three orthogonal
axes of the X-axis, the Y-axis, and the Z-axis from the
three-axis acceleration sensor 103 at a detected value input
part 121, and outputs the mput values to a resultant value

computing part 122 and a history information recording part
123.

The resultant value computing part 122 computes the
resultant value (Gavg) that 1s computed as the sum square
value of Gx, Gy and Gz, for example, based on acceleration
(Gx, Gy, GZz) information mputted from the detected value
input part 121, and outputs the computed value to the history
information recording part 123. The history information
recording part 123 records the acceleration (Gx, Gy, Gz)
information mputted from the detected value input part 121
and the resultant value (Gavg) inputted from the resultant
value computing part 122 1n the memory 102. According to
the process, the acceleration history immformation shown in
FIG. 2 1s recorded in the memory 102. In addition, the
memory 102 may be set 1n such a way that the latest history
information for a fixed period (for example, a few seconds)
1s recorded therein 1n accordance with the recording capacity
of the memory 102. More specifically, old history data 1s 1n
turn replaced by new data and deleted.

A fall determining part 124 takes 1n the resultant value
(Gavg) from the resultant value computing part 122 as well
as 1t takes 1n the acceleration history information from the
memory 102 to execute the determination process to deter-
mine whether the information processing apparatus 1s 1n the
falling state.

A Tfall determination process sequence done by the fall
determining part 124 will be described with reference to a
flow chart shown in FIG. 4. First, the outline will be
described for a series of a tlow of the fall determination
process sequence, and the detail of the process of individual
steps will be described later.
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First, the outline will be described for a series of a flow
of the fall determination process sequence. First, when 1t 1s
detected that the apparatus 1s 1n the zero gravity state (5101),
the values of history information stored in the memory 102
are confirmed to determine whether a great force has been
applied for a period from the present time [T=0] to before a
certain time period [T=na] based on the gravity acceleration
(5103), where a 1s the measurement interval (for example,
about 10 msec), and n 1s the number of samples. When 1t 1s
determined that a great force 1s applied, 1t 1s not determined
as a fall. The zero gravity state corresponds to this case,
which occurs when the apparatus 1s flung up.

Subsequently, a determination process (S104) 1s done
based on the vanation 1n the gravity until the gravity reaches
0 G. Since the acceleration sensor acquires the measured
values for a fixed time 1nterval, the differential 1s calculated
to compute the vanation (differentiation value) 1n the force
applied to the apparatus. When the variation (the difleren-
tiation value) 1n the gravity until the gravity reaching 0 G 1s
close to the variation 1n a free fall (it 1s great enough), 1t 1s
determined as a fall. For example, 1n such the case in which
the apparatus 1s held by hands and flung down, the variation
1s smaller than that 1n a fall. Based on the comprehensive
decisions, free fall detection i1s performed.

Hereinafter, a flow shown 1n FIG. 4 will be described 1n
detail. First, at Step S101, 1t 1s determined whether the zero
gravity state 1s detected. This 1s determined whether the
resultant value (Gavg) computed by the resultant value
computing part 122 shows zero based on the latest detected
value at the three-axis acceleration sensor 103. When the
resultant value shows that the value Gavg 1s nearly equal to
zero, 1t 1s determined that the apparatus 1s in the zero gravity
state and 1t 1s likely to be falling. The determination process
1s the process of the first determination step described above,
that 1s, 1t corresponds to the determination process below.

First Determination Step A

It 1s examined whether the resultant value computed from
the individual output values 1n three axis directions inputted
from the three-axis acceleration sensor 103 1s near 0 GG, and
it 1s determined that an apparatus 1s 1n the zero gravity state
when the resultant value 1s near 0 G.

At Step S101, when 1t 1s determined as No, the process
goes to Step S111, and it 1s determined that the apparatus
does not fall to end the determination process. In addition,
the fall determining part 124 takes in the resultant value 1n
succession to make a determination at Step S101 for every
input resultant value. At Step S101, when it 1s Yes, that 1s,
when the resultant value Gavg 1s nearly equal to zero, 1t 1s
determined that the apparatus 1s 1n the zero gravity state and
it 1s likely to be falling. The process goes to Step S102.

The detail of the determination process at Step S101 waill
be described with reference to FIGS. 5-1 and 5-2. FIG. 5-1
shows a manner that an information processing apparatus
300 1s falling, and FIG. 5-2 shows a graph depicting the time
transition in the resultant value Gavg. As shown 1n FIG. 5-1,
at Step S201, the information processing apparatus 300 is
stationary at time [1=0-na]. At this time, only the downward
force (the gravity) 1s applied to the information processing
apparatus, resulting in Gavg=1. At Step S202, time [T=0],
the mformation processing apparatus 300 1s 1n the falling
state, and the value Gavg 1s nearly equal to zero.

The time transition in the resultant value Gavg at this time
1s as shown 1n a graph 1n FIG. 5-2. In FIG. 5-2, time goes
rightward, and the vertical direction shows the resultant
value Gavg. At time [T=0], the value Gavg 1s nearly equal
to zero. At this point 1n time, the first determination process
A at Step S101 shown 1n FIG. 4 15 executed. It 1s determined
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as Yes 1n the first determination process, and it 1s determined
that the apparatus 1s likely to be falling. However, at this
point 1n time, 1t 1s not decided that the apparatus 1s falling,
and the process goes to the subsequent Step S102.

When the process goes to Step S102, history information
1s acquired from the memory. In the history information,
accelerations in three axis directions and the resultant value

at each of the measurement timings are recorded as
described with reference to FIG. 2.

Steps S103 and S104 are the process steps of the second
determination step described above, that 1s, they correspond
to the determination process steps below.

Second Determination Step B

When 1t 1s sensed that the apparatus 1s 1n the zero gravity
state 1n the first determination, the acceleration history
information stored 1n the memory 102 1s used to determine
whether the apparatus 1s 1n the free fall state.

The second determination step includes two determina-
tion processes at Step S103 (B1) and Step S104 (B2). First,
at Step S103, 1t 1s determined that the apparatus has had a
great force before. More specifically, this 1s done as the
process that compares the resultant value (Gavg) recorded as
history information with a threshold TH1, and compares the
resultant value Gavg included 1n the recorded information
for a fixed period in the past with the threshold TH1. For
example, a plurality of items of recorded information for a
period from T=(0-na) to T=0 1s taken out of history infor-
mation recorded 1n the memory, and 1t 1s examined whether
the following equation 1s held for each of items of the
acquired information:

Gavg<THI

where a 1s the measurement 1nterval (for example, 10 msec),
and n 1s an integer showing the number of samples.

When the following equation 1s held for the past history
information acquired from history information,

Gavg<THI1

that 1s, when it 1s determined that the apparatus has not had
a great force for a fixed period T=0 1n the past, the process
goes to Step S104.

When the following equation 1s not held for the past
history information acquired from history information,

Gavg<THI1

that 1s, when it 1s determined that the apparatus has had a
great force for a fixed period T=0 1n the past, the process
goes to Step S111 and 1t 1s determined that the apparatus 1s
not i1n the falling state.

The determination process (B1) at Step S103 i1s the
determination process that 1s executed as the process to
determine whether a user flings up the apparatus or the
apparatus 1s falling, for example. The determination process

(B1) at Step S103 will be described with reference to FIGS.
6-1 and 6-2 and FIGS. 5-1 and 5-2.

FIG. 6-1 shows an exemplary operation in which a user
flings up and down an apparatus, and FIG. 6-2 shows a graph
depicting the change in the resultant value Gavg in this state
transition. A thick solid line 1s a graph depicting the change
in the resultant value Gavg corresponding to the operation
that the user flings up and down an apparatus. In the graph
shown 1n FIG. 6-2, the value Gavg 1s nearly equal to zero at
time [T=0], and 1t 1s Yes for the determination (the first
determination A) at Step S101 shown 1n FIG. 4 at this point
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in time. Subsequently, for the second determination process,
the determination (B1) at Step S103 1s done based on history
information.

As shown 1n FIG. 6-1, when the apparatus 300 1s flung up.,
the apparatus 1s moved upward with an acceleration against
gravity. Therefore, a greater force (1 G+b) 1s applied than
that 1n the stationary state (1 G). After that, when the
apparatus drops down to the original position, a state that 1s
almost the same as a fall occurs, the force applied to the
apparatus becomes small, and 1t 1s measured that the value
Gavg 1s nearly equal to zero. The point to measure that the
value Gavg 1s nearly equal to zero 1s time [T=0]. At this
point 1n time, 1t 15 Yes for the determination of the first
determination process at Step S101 in the flow shown 1n
FIG. 4, and the second determination process after Step
5103 1s done.

In the second determination process aiter Step S103,
based on the past history information acquired from history
information, 1t 1s determined whether the following equation
1s held for the determination process whether the apparatus
has had a great force before.

Gavg<THI

For example, as shown 1in FIG. 6-2, the threshold THI1 1s set
as:

THI=15 G

In the graph shown in FIG. 6-2, the measured value
(Gavg) 1n the past for the period from time T=0 to (O-na)
acquired from history information includes the following
resultant value:

Gavg=1.5

More specifically, the resultant value Gavg that 1s computed
based on the force measured 1n the fling up state 1s greater
than the threshold 1.5 . Therefore, 1t 1s No for the result
whether the following determination equation at Step S103
1s held, and the process goes to Step S111.

Gavg<THI1

The final determination 1s made that the apparatus 1s not 1n
the falling state.

The determination process at Step S103 when the appa-
ratus 1s actually falling will be described with reference to
FIGS. 5-1 and 35-2. In the graph shown in FIG. 5-2, the
measured value (Gavg) in the past for the period from time
T=(0-na) to T=0 acquired from history information does not
include the following resultant value:

Gavg>1.5

More specifically, the state 1s changed from the stationary
state (Gavg=1) to the falling state, and the measured value
(Gavg) 1n the past for the period from time T=0 to (O-na)
acquired from history information does not include data
having the resultant value (Gavg) equal to or greater than the
threshold (TH1=1.5 G). Therefore, it 1s Yes for the deter-
mination result whether the following determination equa-
tion at Step S103 1s held, and the process goes to Step S104.

Gavg<THI1

The determination step (B2) of the later second determina-
tion process 1s executed.

As similar to the process at Step S103, the determination
step (B2) at Step S104 1s the fall determination process that
uses history iformation for a fixed period from the mea-
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sured time [ T=0] to the past. Here, the determination 1s made
whether the transition 1n time to the zero gravity state 1s
short. More specifically, the determination 1s made based on
the transition in speed to the zero gravity state (Gavg 1s
nearly equal to zero). More specifically, for example, the
transition 1n speed from the stationary state (Gavg=1) to the
zero gravity state (Gavg 1s nearly equal to zero) 1s computed
based on a time period taken for the transition. More
specifically, the fall determination process 1s executed by the
following determination equation that compares the varia-

tion 1n the resultant value per unit time (AGavg/AT) with the
threshold (TH2).

(AGavg/AT)>TH?2

For example, AGavg/AT corresponds to the slope 1n the
graph shown in FIG. 5-2. When the slope 1s steep, 1t means
that the transition in time to the zero gravity state (Gavg 1s
nearly equal to zero) 1s short, that 1s, the transition 1n speed
1s fast, which 1s determined that the apparatus 1s falling.

More specifically, when the following determination
equation 1s held, the process goes to Step S112.

(AGavg/AT)>TH?2

The final determination 1s made that the apparatus 1s falling.

When the following determination equation 1s not held, the
process goes to Step S111.

[(AGavg/AT)>TH?2]

The final determination 1s made that the apparatus i1s not
talling.

The determination process (B2) at Step S104 1s the
determination process that 1s done as the process to distin-
guish between the state in which a user flings down the

apparatus, for example, and the falling state. The determi-
nation process (B2) at Step S104 will be described with
reference to FIGS. 7-1 and 7-2 and FIGS. 5-1 and 5-2.

FIG. 7-1 shows an exemplary operation that a user flings
down the apparatus, and FIG. 7-2 shows a graph depicting
the change 1n the resultant value Gavg in the state transition.
A thick solid line shows a graph depicting the change in the
resultant value Gavg corresponding to the operation that the
user things down the apparatus. In the graph shown 1n FIG.
7-2, the value Gavg 1s nearly equal to zero at time [T=0], and
it 1s Yes for the determination (the first determination A) at
Step S101 shown 1 FIG. 4 at this point 1n time. Subse-
quently, for the second determination process based on
history information, the determination process at Step S103

(B1) 1s executed and then the determination process (B2) at
Step S104 1s executed.

As shown i FIG. 7-1, when the apparatus 300 1s flung
down, the force 1s dropped from the stationary state (1 G) to
generate the state almost the same as a fall, the force applied
to the apparatus becomes small, and it 1s measured that the
value Gavg 1s nearly equal to zero. The point to measure that
Gavg 1s nearly equal to zero 1s time [T=0]. At this point 1n
time, 1t 1s Yes for the determination 1n the first determination
process at Step S101 1n the flow shown 1n FIG. 4, which 1s
determined that the apparatus 1s likely to be falling.

At Step S104, based on the past history information
acquired from history mformation, it 1s determined whether
the transition 1in time to the zero gravity state 1s short. More
specifically, the fall determination process 1s executed by the
following determination equation that compares the varia-
tion 1n the resultant value per unit time with the threshold.

(AGavg/AT)>TH?2
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For example, AGavg/AT corresponds to the slope in the
graph shown 1n FIG. 7-2. When the slope 1s steep, the
transition in time to the zero gravity state (Gavg 1s nearly
equal to zero) 1s short, that 1s, the transition in speed 1s fast,
which 1s determined that the apparatus 1s falling.

For example, the threshold TH2 showing the variation 1n
the resultant value per unit time 1s set as the threshold (TH2)
having the slope (AGavg/AT) shown i FIG. 7-2. In the fling
down of the apparatus shown in FIGS. 7-1 and 7-2, the speed
1s slow from Gavg=1 to G nearly equal to zero. As under-
stood from the graph, the slope i1s gentle, and the following
equation 1s not held:

(AGavg/AT)>TH?2

Therefore, 1t 1s No for the determination at Step S104, and
the process goes to Step S111. The final determination 1s
made that the apparatus 1s not 1n the falling state.

The determination process at Step S104 when the appa-
ratus 1s actually falling will be described with reference to
FIGS. 5-1 and 5-2. In the graph shown i FIG. 5-2, the
transition 1n speed 1s fast from the stationary state (Gavg=1)
to the zero gravity state (Gavg nearly equal to zero). As
understood from the graph, the slope 1s a steep slope and the
following equation 1s held:

(AGavg/AT)>TH?2

Theretore, it 1s Yes for the determination at Step S104, and
the process goes to Step S112. The final determination 1s
made that the apparatus 1s in the falling state.

As described above, the information processing apparatus
according to an embodiment of the invention performs two
determination steps below for the fall determination process.

First Determination Step A

It 1s examined whether the resultant value computed from
the individual output values 1n three axis directions inputted
from the three-axis acceleration sensor 103 1s near 0 GG, and
it 1s determined that an apparatus 1s 1n the zero gravity state
when the resultant value 1s near 0 G.

Second Determination Step B

When 1t 1s sensed that the apparatus 1s 1n the zero gravity
state 1 the first determination, the acceleration history
information stored in the memory 102 1s used to determine
whether the apparatus 1s 1n the free fall state.

Furthermore, 1n the second determination step B, (B1) it
1s distinguished that 1t 1s the fling up state 1n which a user
lifts the apparatus by the determination process based on the
determination whether the apparatus has had a great force
betore, and (B2) 1t 1s distinguished that 1t 1s the tling down
state 1n which a user fling down the apparatus by the
determination process based on the speed reaching zero
gravity.

For these distinguish results, 1t 1s configured to make the
final determination that the apparatus i1s not falling.

According to the process, for example, mn a device
mounted with a HDD, an undesired process can be avoided
that the head 1s retracted when the apparatus 1s not falling,
and a user 1s not forced to have an interruption because of
the process time for return.

The process configuration of fall detection according to an
embodiment of the invention can be adapted to a camera and
a PC that are mounted with a recording device such as a hard
disk drive. For example, a camera 1s provided with the
process configuration of fall detection according to an
embodiment of the invention, and thus an undesired head
retraction process can be prevented. The device configura-
tion will be described with reference to FIG. 8, suppose the
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information processing apparatus according to an embodi-
ment of the mvention 1s an 1maging apparatus such as a
digital camera or a digital video camera mounted with a hard
disk drnive. A block diagram shown in FIG. 8 1s a block
diagram depicting the configuration of an information pro-
cessing apparatus 500 as an 1maging apparatus which is a
portable, small-seized digital camera or a digital video
camera mounted with a HDD (hard disk drive), and the
apparatus has the configuration to record taken information
in a hard disk drive 520.

The mformation processing apparatus (1maging appara-
tus) 500 has a lens block 501 which 1s formed of one or the
combination of a plurality of lenses, an 1maging device 502
such as a CCD, a camera signal processing part 503 which
performs signal processing with respect to 1mage data taken
by the imaging device 502, including analog signal process-
ing, A/D conversion, digital signal processing, and encod-
ing, a data storage part (memory) 504 which temporarily
stores 1mage data processed at the camera signal processing
part 503, a hard disk drive (HDD) 520 which has a hard disk
that permanently stores image data recorded in the data
storage part (memory) 504, and an apparatus control part
(microcomputer) 505 which has a CPU that performs overall
control over data taking and recording processes. Further-
more, 1t has an acceleration sensor 506 which measures
accelerations 1n three axis directions of orthogonal X, Y, and
/. axes.

The apparatus control part (microcomputer) 5035 performs
control over taking and recording data i1n the camera as well
as performs the fall determination process described above.
The acceleration sensor 506 1s an acceleration detecting part
which detects the accelerations each corresponding to the
three orthogonal axes of the X-axis, the Y-axis, and the
Z-axi1s, and enters the detected data to the apparatus control
part (microcomputer) 505. The apparatus control part (mi-
crocomputer) 505 makes determination on the state of the
information processing apparatus (1maging apparatus) 500
based on 1nput information from the acceleration sensor 506,
that 1s, 1t makes determination whether the apparatus 1s in
the falling state 1n accordance with the process sequence
described with reference to the tlow chart shown in FIG. 4.

As the result of the fall determination process done by the
apparatus control part (microcomputer) 505 1n accordance
with the process sequence described with reference to the
flow chart shown 1n FIG. 4, when 1t 1s determined that the
information processing apparatus (imaging apparatus) 500 1s
in the falling state, an emergency process such as the head
retraction process of the hard disk drive (HDD) 520 and the
stop of power supply to the hard disk drive (HDD) 520 are
performed. According to the processes, the head of the hard
disk drive (HDD) 520 1s prevented from being damaged.

However, when a user lifts or flings down the camera, 1t
1s not determined as a fall, and the head retraction process
1s not executed. Therefore, the user does not have to wait for
the return process 1n association with head retraction, and
can take and record data quickly.

As described above, an embodiment of the invention has
been described in detail with reference to the specific
embodiment. However, 1t 1s apparent that a person skilled 1n
the art can make modifications and substitutions of the
embodiment with i1n the scope not deviating from the
teaching of the mvention.

In addition, a series of the processes described in the
specification can be implemented by hardware, or software,
or the combined configuration thereof. When the processes
are 1implemented by software, a program recorded with the
process sequence can be installed 1n a memory 1n a computer
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incorporated in hardware for exclusive use for implemen-
tation, or a program can be installed 1n a general purpose
computer which can execute various processes for imple-
mentation.

For example, the program can be recorded beforehand 1n
a hard disk drive and a ROM (Read Only Memory) as the
recording medium. Alternatively, the program can be stored
(recorded) temporarily or permanently in a removable
recording medium such as a flexible disc, CD-ROM (Com-
pact Disc Read Only Memory), MO (Magneto-optical) disc,
DVD (Dagital Versatile Disc), a magnetic disk and a semi-
conductor memory. The removable recording medium like
this can be offered as so-called package software.

In addition to the installation of the program from the
removable recording medium to the computer as described
above, the program can be installed in such ways that 1t 1s
transierred from a download site to a computer 1n a wireless
manner, and that it 1s transferred to a computer through a
network such as a LAN (Local Area Network) and the
Internet 1 a cabled manner, the computer receives the
program thus transferred and installs 1t in a recording
medium such as a hard disk drive incorporated therein.

In addition, various processes described 1n the specifica-
tion may be executed 1n a time series 1n accordance with the
description as well as they may be implemented 1n parallel
or separately depending on the process performance of an
apparatus to execute the processes or as desired. In addition,
in the specification, a system 1s the configuration of a logical
set of plurality of devices, which 1s not limited to one that
devices of individual configurations are 1n the same housing.

As described above, according to the configuration of an
embodiment of the mvention, as the determination process
whether the apparatus 1s falling, the first determination
process 1s executed which determines whether the apparatus
1s 1 the zero gravity state and the second determination
process 1s executed which uses acceleration history infor-
mation stored in the storage part to determine whether the
apparatus 1s 1n the free fall state when 1t 1s sensed that the
apparatus 1s 1n the zero gravity state. In the second deter-
mination process, the fall determination process 1s executed
by determining whether the apparatus has had a great force
before based on history imnformation, or based on the speed
reaching the zero gravity state. Thus, the state can be
distinguished that the user lifts or things down the apparatus.
With this configuration, 1 a device mounted with a HDD,
for example, a needless process can be prevented that the
head 1s retracted when the apparatus 1s not falling, a user 1s
not forced to have an imterruption because of the process
time for return, and working efliciency can be enhanced.

It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled i the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing 1ts intended advantages. It 1s therefore
intended that such changes and modifications be covered by
the appended claims.

The mnvention 1s claimed as follows:

1. An mformation processing apparatus comprising:

an acceleration detecting part which detects an accelera-

tion generated 1n the mformation processing apparatus;

a storage part which stores history imformation based on

information detected by the acceleration detecting part;
and

a control part which executes a determination process

whether the mformation processing apparatus 1s 1n a
falling state based on information detected by the




US 7,356,437 B2

15

acceleration detecting part and history information
stored in the storage part, wherein the control part 1s
configured to execute:

a first determination process which determines whether
the information processing apparatus 1s 1n a zZero grav-
ity state based on information detected by the accel-
eration detecting part; and

a second determination process which executes a deter-
mination process whether the information processing
apparatus 1s 1n the falling state by applying acceleration
detection information in the past about the information
processing apparatus based on history information
stored 1n the storage part when 1t 1s determined that the
information processing apparatus 1s in the zero gravity
state 1n the first determination process, wherein for the
second determination process, the control part 1s con-
figured to acquire acceleration detection information
from the storage part for a period right before a period
that the information processing apparatus reaches the
zero gravity state, to execute a determination process
whether a force equal to or greater than a predeter-
mined threshold 1s applied to the information process-
ing apparatus in a period before the information pro-
cessing apparatus reaches the zero gravity state based
on the acceleration detection information 1n the period,
and to determine whether the mmformation processing
apparatus 1s 1n the falling state based on the determi-
nation result.

2. The mmformation processing apparatus according to
claim 1, wherein for the second determination process, the
control part 1s configured to acquire acceleration detection
information from the storage part for a period right before a
period that the information processing apparatus reaches the
zero gravity state, to execute a determination process based
on a variation in the acceleration per unit time until the
information processing apparatus reaches the zero gravity
state based on the acceleration detection information 1n the
period, and to determine whether the information processing,
apparatus 1s 1n the falling state based on the determination
result.

3. The mformation processing apparatus according to
claim 1, wherein the acceleration detecting part 1s a three-
ax1is acceleration sensor which detects accelerations of three
orthogonal axes of an X-axis, a Y-axis and a Z-axis, and

the control part 1s configured to compute a resultant value
(Gavg) based on measured values in X-axis, Y-axis, and
Z-axis directions detected by the three-axis accelera-
tion sensor, to store the resultant value 1n the storage
part, and to execute a determination process whether
the mformation processing apparatus 1s 1n the falling
state based on the resultant value.

4. The mnformation processing apparatus according to
claim 3, wherein the control part 1s configured to execute a
process to compute a sum square value of acceleration
information Gx, Gy, and Gz 1n X-axis, Y-axis, and Z-axis
directions detected by the three-axis acceleration sensor as
the resultant value (Gavg).

5. An information processing method comprising:

detecting an acceleration generated in an information
processing apparatus;

storing history information based on information detected
at the acceleration detecting step in a storage part; and

determining fall by executing a determination process
whether the information processing apparatus 1s 1n a
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falling state based on information detected at the accel-
eration detecting step and history imnformation stored 1n
the storage part, wherein the fall determination step 1s
the step of executing:

a first determination process which determines whether
the information processing apparatus 1s 1n a zZero grav-
ity state based on information detected at the accelera-
tion detecting step, and

a second determination process which executes a deter-
mination process whether the information processing
apparatus 1s 1n the falling state by applying acceleration
detection information in the past about the information
processing apparatus based on history information
stored 1n the storage part when 1t 1s determined that the
information processing apparatus 1s in the zero gravity
state 1n the first determination process, wherein for the
second determination process, the fall determination
step 1s the step of:

acquiring acceleration detection information from the
storage part for a period right before a period that the
information processing apparatus reaches the zero
gravity state, executing a determination process
whether a force equal to or greater than a predeter-
mined threshold 1s applied to the information process-
ing apparatus in a period before the information pro-
cessing apparatus reaches the zero gravity state based
on the acceleration detection information in the period,
and determining whether the information processing
apparatus 1s in the falling state based on the determi-
nation result.

6. The information processing method according to claim
5, wherein for the second determination process, the fall
determination step 1s the step of:

acquiring acceleration detection information from the
storage part for a period right before a period that the
information processing apparatus reaches the zero
gravity state, executing a determination process based
on a variation in the acceleration per umit time until the
information processing apparatus reaches the zero
gravity state based on the acceleration detection infor-
mation 1n the period, and determining whether the
information processing apparatus is in the falling state
based on the determination result.

7. The information processing method according to claim
5, wherein the acceleration detecting step 1s an acceleration
detecting step done by a three-axis acceleration sensor
which detects accelerations of three orthogonal axes of an
X-axi1s, a Y-axis and a Z-axis, and
the fall determination step 1s the step of: computing a
resultant value (Gavg) based on measured values in
X-axis, Y-axis, and Z-axis directions detected by the
three-axis acceleration sensor, and executing a deter-
mination process whether the information processing
apparatus 1s in the falling state based on the resultant
value.

8. The mnformation processing method according to claim
7, wherein the fall determination step 1s the step of executing
a process to compute a sum square value ol acceleration
information Gx, Gy, and Gz 1n X-axis, Y-axis, and Z-axis
directions detected by the three-axis acceleration sensor as
the resultant value (Gavg).
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